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HU3KOYACTOTHbLIE ®JIYKTYALUUU NPOBOOAUMOCTU NEPMANNOA
NMPU TEMAEPATYPE MATHUTHOIO ®A30OBOIO NEPEXOOA

A.A. UlynbeuHoes, C.1O. l'ypesuy

3apeructTpupoBanbl GIYKTyaLUHMH CONPOTHUB/IEHHS NEPMAII0eBOil JIEHTLI IPH pa3-
JUYHLIX TEMIIEPaTypax, BILIOTH X0 TeMIepaTypbl MarHuTHOro (ha3oBoro nepexoaa.
OTmeveno peskoe yBesdueHHE AMILINTYAbI (PUIMKKEp-IIyMa CONPOTHBJEHUN NpH
JNOCTHKEHHH TeMIepaTypbl MArHUTHOrO (ha30B0ro nepexoia. 3To sIBJEHHE CBA3AHO
€ IpOUeccOM pa3pylIeHHs H NePecTpoiiki AoMeHOB (heppoMarneTuia.

Brenenne

Hlym Bcerna paccMaTpuBaics Kaxk nomexa npu repefaue WHGOPMALMK, HO B HACTOSUIEE BPeMA B
HayKe MPOUCXOUT NEPECMOTP B3MIAA0B Ha 1yM. Cpeay LIyMOB PasiMyHOM NPHPOILL BBIAENSIOT Iiy-
Mbl, KOTOpPbI€ MOI'YT HECTH HH(OPMALMIO KaK O €ro HCTOYHMKE, TaK M O BHELUHHX BO3lelicTBHAX. B
NaHHOH paloTe clienaHa MONBITKAa IPUMEHUTL 3TH HIEH K QHiuke MeTannoB. Beua nocrasneHa uens
HCCICA0BATL 1IYMbI COHPOTHBACHHS META/UIOB M CBA3aTh MX MapaMeTpbl ¢ BHYTPEHHHM COCTOAHHEM
0bpa3uos.

OcoOblii MHTEpPEC B 9TOM IUIAHE NPEJCTABIAIOT COOOH LIyMBlI COTIDOTHBICHMS (PEppPOMAarHETHKOB.
ONEKTPOHbl BHYTPU (PeppOMarHeTUKa HaXOOATCA B CMJIBHO HEOOHOPOJHOM MArHWTHOM II0Ji€, BhI3BAH-
HOM HalHW4HeM MHOTOYMCJIEHHBIX O0yacTell HaMArHWYEHHOCTH (JOMEHOB) B HEM. MarHMTOpe3ucTHB-
Heiit 3¢ ek, 06yCaOBIEHHBIH COOCTBEHHBIM HEONHOPOIHBIM MarHUTHBIM T0JieM (eppoMarHeTrka, 1o
HalleMy TpeAnooKeHHIO, JOIKEH BbI3BATH 3HAUUTENbHO GOJNIBILME YpoBeHb QUIYKTYalMii COIPOTHB-
JICHHS 110 CPaBHEHMIO ¢ HeeppOMarHHTHBIMU NpoBOAHMKaMH [1]. EciM noBbicuTh TeMneparypy ¢ep-
POMAarHeTHKa, TO MOXKHO NPEANONOKHUTh, YTO YPOBEHb (DIyKTyauui conpoTusieHus ofpasna pe3ko mo-
BBICUTCA BOJIM3M TeMIIEPaTypbl MarHUTHOTO (ha30BOr0 Mepexojia BCICACTBHE HEYCTOHYMBOCTH COCTOS-
Hug. B HEM HeNpepbIBHO OOJUKHEI BO3HMKATH U PaspyIlaThCs HOMEHHbIE CTPYKTYpBI. DTO MOpOXIaeT
(GIMKKEp-1IyM MarHWTHOIO MOJIst U NTPOBOAMMOCTH (PeppoMarteTuka, umeroumi crexrp 1/f. dnukkep-
LIYM BBICTYIAET KaK CITyTHHK HEOOpaTHMBIX MPOLIECCOB U HecET HHopMmanuro o Hux [2]. Ilens Hawero
MCCENOBAHMS COCTOSTA B TOM, YTOObI IPOBEPHUTE ITY UIoTe3y o GbiuKKep-LyMe peppoMarHeTHKa.

IKCcnepuMeHT

B xavectBe oOpaszua ans vccienoBaHus ¢AyKTyauud BeIOpaHa HeJeTMpOBaHHAA IMepMasioeBas
nenta (Hukesb — 70%, ocraneHoe — xene30) TomuuHol 0,014 My, wupunoit 1 mm. Touka Kropu obpas-
ua - 560 °C. ConporuieHue o6pa3iios Haxonunocs B npeaenax 30...60 Owm. ITpu yBenuuenun temne-
patypbl o Toukd KropW COMpOTHRIEHHE JIEHTHl BO3pAcTalo NpUMEPHO B 2 pasa. E€ TemmnepatypHbiii
KO3 (PULHMEHT COMPOTHBIIEHUS O, OKA3aJICH PaBHBIM 2,6-107 rpazx_]. Jlenra HamoTaHa COMPAILHO HA
CTEPIKEHDb JTTMHOM 5 CM M3 YHCTOrO OKCHA ATFOMHMHHA, YTOOB! HCKIIOYHTL HOHHYIO TPOBOJUMOCTDL NPH
BBICOKMX Temreparypax. HeThlpe TakuX CONPOTHBIICHHS COSIHHEHBI H YCTAHOBIICHBI BHYTPH MY(enn-
HOM NE€YH OJHO PAIOM C APYTHM BOKDYT JUIMHHOTO CTEPIKHS U3 TOTO ke MaTepuaia. O6MOTKa coceHux
CONpPOTHUBJIEHHH NPOU3BEZCHA B NMPOTMBOMOJIOKHEIX HANpPaBIEHUAX. JTO CAENAHO U yMEHbLUCHHS
BAMSHUS MarHUTHBIX TIoMeX. Temneparypa BHYTPHU Ne4ud KOHTPOIMPOBAIACh B Pa3HbIX TOYKAX C MOMO-
upto Tp&X Tepmonap. B npouecce Harpesa pa3zHOCTb TeMIiepaTyp BHyTpH He mpesblmana 10 °C. s
YMEHBIIEHUs BIUAHUS BHEINHMX SJIEKTPOMArHWTHBIX [TOMEX BCs YCTARHOBKA NOMEl[eHa B wmkad ¢ me-
TaNINYECKUMH cTeHKaMH. [lepManioeBoe COPOTHBIEHHE BKIFOUEHO B MOCT Y UTCTOHA JIBYMS Pa3HbIMU
criocobamu:

|) mepManioesoe CONPOTUBICHHE BKJIKOYEHO B OJHO W3 IUICY YPABHOBELIEHHOIO MOCTa (B 9TOM
Cllyyae perucTpUpoBanuch QIyKTyauuy MepMassioeBOro CONpPOTUBIIEHHS );

2) ABa MEPMAasIOeBBIX PE3UCTOpa C ONM3KMMHU CONPOTHBIICHUAMH BKJIIOYAIHMCh B COCENHHE MIIEYH
MOCTa (B 3TOM C/TyYde PErMCTPUPOBATIACH PA3HOCTh QITYKTYALMHA B COCEAHMX NIEPMAIOEBBIX PESUCTOPAX).
[Ipu Taxoit cxeme NoAKIueHUs npolte ObINIo NOAKEPXKMBATH OaNiaHC C MOMOLIBIO APYTHX CONpPOTHBIIE-
HUI MOCTa, KOTOPBHIE HAXOJUIIKCH BHE MeYH B METAUIMYECKOH KOPOOKe BMECTE C MHCTPYMEHTANBHBIM
yeumarenem (MUC) AD623 (¢pupma «Analog Device») ¢ 0O4eHb HU3KHM YPOBHEM COOCTBEHHBIX LIYMOB
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Pdu3sunka

(MeHee 1 MkB Ha Bxoae). Koadduuuent ycunenns — 500. BHyTpu 3T0H KOpoOkH TeMriepaTypa KOHTpO-
nupoBanack ¢ TouHOCThIO A0 1 °C. Beg cxema mosy4ana rnuraHue oT akkymyJsropa +12 B (dupma
«Coslight»), uTOOBI YMEHBLIUTE YPOBEHb NEKTPHUECKHX WIYMOB. JIst peructpaumu U o6paGoTku cur-
nana ot MC, a Takoke OT Tepmonap co3iaHa CUCTEMa Ha OCHOBE I€PCOHATIBHOIO KOMIILIOTEPA ¢ HCIIOJb-
30BaHMeM 32-kaHasibHOM ratel c6opa naHHbIx L-154 (nponssoacteo 3A0 «JIkapay). Jus o6pabotku
JaHHBIX CO3/]aHO NporpaMMHoe obecrieuenne, BKJIIOUaloLiee B cebs NporpamMmy Jisi PErHCTPalHH U 3a-
NHCH JJaHHbIX, AIPOrpaMMB! [UIs aHAJIM3a THCTOTPAMM M CHIEKTpa.

Ha nepBom aTane 3KCNepUMEHTa U3yueHb! QIYKTYallUH, KOTOpbIe JaET BCS CUCTEMA PErHCTPALMH.
Ans 3TOrO0 BMECTO NEPMANIOEBOr0 CONPOTHUBIIEHHS B TUIEHO MOCTa 6bLIO BMIASHO MPELU3HOHHOE COMpOo-
THBJIEHHE TAKOW K€ BEIMUYMHBI. 3aTeM BMECTO HEro ObUIO BKJIIOYEHO NEepMajUIOeBOE COMPOTHBIICHUE
TakuM 00pas’oM, YTO MEXaHHYECKHE KOHTAKTBI HAXOAMIIUChH BHE MEYH M MMEIH OJMHAKOBYIO TEMIIEpa-
Typy, 4To0bl HCKJIFOUNTL KOHTAKTHBIH TepMoanieKTpuueckuii spdexr 3eebeka. AMIIIUTYAA LIyMOB BO3-
pocna npumepHo B 20-30 pas, XOTs BCe CONPOTHUBIEHHS HAaXOIMIIMCh NPU KOMHATHON TeMmeparype.
CrnegoBatenbHO, ObUIH 3aperuCTPHPOBAHBl NPEUMYIIECTBEHHO (IYKTYaLH CONPOTHUBIIEHHS NepMa-
7101, KOTOpBbIE COCTABHIH Gx/R ~ 107°, npruéM 5Ta Be/IMUMHA OKas’anach NMPUMEPHO OJHHAKOBOI npu
pasHeIX crnocobax BKIIIOYEHHA colpoTuBieHns. CeKTpabHEIH aHaIU3 NPOBOAMIICH B Anarna3ode ot 0,1
A0 100 I'u. OH nokasan, 4To, eclii B V140 MOCTA BIJIIOYEHO HMPELU3HOHHOE COMPOTHBIIEHHE, TO CHUCTE-
Ma renepupyer Oenblif wym B quanaszone 1...100 I'u. Korza B coctaB MocTa BXOAHT nepMaiiioesoe co-
POTHRIIEHHE, TO B CrieKTpe (QyKkTyauui SBHO NpPOSBASIOTCS WIYMbl pPa3nu4HOM npupoasl (puc. 1):
HaKBUCTOBCKHUH Oenblit tiym (1), dirukkep-L1yM (2) 1 MarHUTHBIA WyM (3), BBI3BaHHBIH NepeMeHHBIMH
HU3KOYACTOTHBIMY MAPHHTHBIMHM MOJAMH. ANMapaTHbIMH METOJAaMM He YAAIOCh H30AaBHUTLCA TMOJHO-
CTBIO OT 3THX MATHUTHBIX LIYMOB, HO 3TO YAAIOCh CAENaTh MaTeMaTHUYECKH ITyTEM BBIIEJIEHUS CIeK-
TpaJbHOIO KHana3zoHa, B koTopoM oHr otcyTeTByIOT (0,1...5 I'n).
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Puc. 1. Cnekrp dnyxkryayuii CONpoTUBNEHUA NepMarsion 8 OTH. 4.
npu =20 °C (+) v npwm =560 °C (x)

OtMeTuM, 4TO B MPENBIAYIUUX KCIIEPUMEHTAX 3aperHCTPUPOBAaHbl MHUKH B CrieKTpe QUIyKTyalmi
TIPOBOJMMOCTH TE€PMAIUIOEBOM JIEHTHI Ha OTAENBHBIX YacTOTax. JleTanpHbie MUCCIEAOBAHUA MOKa3alH,
YTO 3TH NMHKM €CTh MAarHHTHEIE LIYMbl, 4 OHH UMEIOT YacTOThl KpaTHbie OCHOBHBIM ToHaM 30 u 60 I'n.
BeuT 3aperucTpUpoBaHbl FApMOHKKH 3THX MACHUTHBIX LIYMOB BIUIOTH A0 OJMHHaauaroi. [pubnmxe-
Hue (eppoMarHeTHKa K IETEKTOpY, €CTECTBEHHO, X ycuiaHBaeT. Ho Hac nHTepecyeT HH(QOpMaTHBHbIMH
GauKKep-11yM, BbI3BAHHbIA BHYTPEHHUMH MPOLIECCAMH [IEPECTPOAKH M pa3pyLICHHs MArHHTHBIX JOMe-
HOB B jtenTe. [103TOMY BeCh JaibHERIIMI aHANN3 POBOAMICS TObKO B fuanasode 0,1...5 I'u. Peruct-
pauus LIYyMOB Ha GOjlee HU3KMX YacTOTaX HE MPOBOMMIACH, TAK KaK OHH BbI3BaHbI HECTAOWIBLHOCTHIO
TEMIEPATYPhl.
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Wyneeunoe A.A., l'ypesuy C.10. HuskoyacmomHbie hriykmyaluu nposodumocmu nepmMansios

npu memnepamype MazHUMHO20 ha3068020 nepexoda

Lens cnemyrouero stana 3KCriepuMEHTa COCTOsIA B HCCIIEOBAHUMA TEMITEPATYPHOM 3aBUCHMOCTH
aMIUIMTYAbl ¥ APYTHX XapaKTepHCTUK GAUKKep-UIyMa. BrIIroueHne HarpeBaTesis He BhI3BAJIO MTHOBEH-
HOro pocTa aMILIMTYABl dutykTyauuit. Harpe npoussoamics Ha 2—4 °C B mudyTy. ITpn 310M Habmio-
Aalics MEUIEHHBIH pocT aMIIuTy bl daykryauuid. OnykTyauuu GUKCHPOBANKCH KaK P HArpeBe, Tak
U NIpY OXJIOKJICHUM NedM. 3aMeTHBIX OTJIMYMH B YPOBHE H CIIEKTpe IIyMOB He 00HapysKeHo. B 3Tux skc-
NEePUMEHTAX HCIIONb30BAIMCH PasHble 00pa3Lbl IEHTEI U pa3Hble cxeMbl BIultoueHHs. Ha puc. 2a,6 oro-
Opax€H pesynbTat BCeX JKCMEPHMEHTOB 0 HarpPeBy M OXJIAXIEHHUIO MepMaIoeBLIX JIeHT. B npouecce
3anucH GIyKTyauui TemrmepaTypa JeHThl H3MeHMIach, No3ToMy Habmonancs apedd cpeanero conpo-
tueiaeHda. Ilepen TeM kak curHan oOpa®aThlBaica ¢ MOMOWUBKO Tpoueaypwl Goictporo Oypbe-
npeoOpa3oBaHud, cHa4ana OH MOABEPrajics BeHBIET-aHANMN3Y U HCKIIOUYEHHUS BIMAHMA Apelida Tem-
nepaTypbl. [TomyueHHbIH cnexTp QnyKTyauuid OTHOCHTENBHOIO COMPOTHBIICHHUS
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OcHoBHBIE Pe3yAbLTATHI

3aperucTpupoBaH GIHKKep-LIyM CONMPOTHBIEHUS IepMaios, KOTOPbIH BO MHOIO pa3 IPEBOCXOIHT
LYyMbl CONPOTHBIIEHNA HE(DEPPOMATrHHTHBIX IPOBOAHUKOB. ITO [OATBEPXKAAET IHIOTE3Y, UTO (IHKKep-
LIYyM TTPOBOAMMOCTH (peppPOMArHETHKOR CBA3aH ¢ CYUIECTBEHHOH HEOAHOPOIHOCTHIO MATHHTHOIO Y0NS
BHYTpH (eppoMarHeTkoB. PaspaboTaHHbiil alropuTM aHaM3a LIYMOB, KOTOPBIA COCTOMT B MOC/IEN0-
BATEJIbHOM TIPUMEHEHHHM BeHBNET-aHamu3a v opictporo @yppe rpeobpa3oBaHus, TIO3BOIKIA BHIACAUTD
dIMKKep—1IyM MPOBOAUMOCTH (eppoMarHeTHka MpY HArpeBe W MpH OXJIKICHHH K OMNpelIe/UTh ero
OCHOBHbIE xapaKkrepucTHku. [lokaszaHo, ¥To mpy TeMmmeparype MarHUTHOro (ha3oBOro mepexona rnep-
mainost (560 °C) wabnmronaeTcs pe3koe yBeJIMYEHHE aMIUIMTYAb! (rukkep-myma npumepHo B 100 pas
(puc. 26). OTHoCHTeNbHEIE (QIIYKTYalK CONPOTHBIIEHUS /R Tawke BospacraroT ot 107 go 107 Bro
CBS3aHO ¢ MpoleccamMy pazpyLieHus H GOpMHpPOBAHHS AOMEHOB. Y (DJIMKKep-LIyMa cTeleHb 77 HaXOAHuT-
¢a B npenenax 0,8.. 1,2, a Genbiii (nadikBucroBckuil) miyM umeeT crenedbs #n=0. Ha puc. 3 nokasana
TeMnepaTypHas 3aBUCHMOCTH CTETEHH IllyMa, MOJy4YeHHas B 3THX dKcnepuMenTax. Onaukkep-myM npe-
obnapaet B BoIOpanHOM nuanasoHe vactort (0,1-5 I'u) npu remneparypax Huxe Touxkn Kropu. B obnac-
TH TEMIEPATyPbl MAPHUTHOrO (Pa30BOro nepexona HabMoAaeTcs CHIKEHHE CTETIeHH HIyMa, YTO yKa3bl-
BaeT Ha TO, YTO Genblil yM pacTéT ropasmo Gpictpee GUIMKKep-IIyMa ¢ yBeIHYEHHEM TEMIIEPATYphI.
CiienoBaTenbHO, pa3pyHICHHE JOMCHOB CO31aET, B OCHOBHOM, Oeitbli IyM.
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Puc. 2. 3aBUCUMOCTL aMIINMUTYObt (briMkKep-liymMa OT TemMneparTypbl nepmMarnios

a) po 500 °C; 6) 400...600 °C
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dusuka
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Puc. 3. 3aBucumocTb creneHu hnykkep-wyma OT TEMNepaTyphb)

[poBoauncs ananus ¢yHKUMH pachpepencHus QUYKTyallud IOCne MPOBEAEHHOTO BeHBieT-
npeobpazosanus. OH noxasan, uTo wyM UMeeT pacnpeneneHue ['aycca Bo BcEM quana3oHe TeMueparyp,
a k0a(hQUIMEHTB! ACHMMETPHHM M KCLIECCA HE 3aBUCAT OT TEMIIEPATYPHI.
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